It has been demonstrated that parotid glands of rats infected with
Chagas disease (South American trypanosomiasis), caused by the hemoflagellate Trypanosoma cruzi (Chagas 1909) , is one of the most prevalent and serious diseases in South America (WHO 2000) . The parasites can infect, in particular, the heart, esophagus and intestine (Vieira 1961 , Koberle 1968 , Pereira et al. 2006 . We have previously reported that submandibular salivary glands from rats infected with T. cruzi demonstrate accelerated acinar development and delayed ductal maturation, characteristics more evident in developing granular ducts (Alves & Machado 1980) ; these changes may be explained by a lower expression of DNA synthesis genes ).
Recently we found morphological alterations in granular convoluted tubule cells and lower epidermal growth factor (EGF) in immunolabelled cells in submandibular glands of infected rats (Moreira et al. 2008) . In contrast, studies with parotid glands reveal a significant reduction of density and volume of the acini and duct systems, as well as a significant increase in the amount of connective tissue present after 18 days of infection (Silva et al. 2000) . However, the mechanisms involved in these alterations are still unclear.
It has been proposed that retarded sexual maturity, characterized by lower circulating testosterone levels due to the lower body weight of these animals (Courout et al. 1970) , could contribute to the morphological changes observed in infected rats' glands (Silva et al. 2000) , as testosterone can regulate the expression and synthesis of EGF (Kasayama et al. 1990 ). Further, decreased EGF expression and receptors driven by the lack of testosterone may contribute to atrophy of the parotid gland and proliferation of connective tissue (Silva et al. 2000) .
The current study was performed to verify the mechanisms underlying histological changes observed in parotid glands in experimental Chagas disease in rats. Specifically, we measured circulating testosterone levels and quantified the amount of EGF receptors (EGF-R) in these glands along with those of non-infected rats.
MATERIALS AND METHODS
Experimental development of Chagas diseaseHoltzman male rats, aged 27-29 days, with an average weight of 90 g were used (n = 6 for each group). To induce experimental Chagas disease, the animals were inoculated intraperitoneally (i.p.) with 0.15 mL of mouse blood containing approximately 300,000 trypomastigotes (Y strain) of T. cruzi. This strain was previously isolated from a patient with Chagas disease (Silva & Nussenzweig 1953) and has been maintained in mice by repeated blood passages every seven days. Infection of rats was confirmed by the presence of living trypomastigotes in the blood of all animals 10 days after inoculation as previously described by Brener (1962) . Twelve animals were used as controls and received 0.15 mL of 0.9% NaCl i.p. The rats were weighed and killed at 18 and 50 days after inoculation.
This animal study was designed according to the Brazilian Guidelines (Resolution 196 of the National Health Council 1996) and the protocol was approved by the Research Ethical Committee of Federal University of Minas Gerais (protocol 141/07).
Histological and histoquantitative study -Infected and control rats were anesthetized with 10 mg/Kg xylazine (Bayer, Istanbul, Turkey) and 60 mg/Kg ketamine hydrochloride (Parker Davis, Istanbul, Turkey). The right and left parotid glands were removed, weighed and immersed in buffered neutral formalin for 48 h. After a brief washing in running tap water, the glands were dehydrated, embedded in paraffin and sectioned at 6 µm. The sections were stained with hematoxylin and eosin. The gland images were obtained using a capture plate and light microscope (Olympus BX 50).
Serum testosterone levels -After parotid glands removal, blood samples was collected by cardiac puncture from the left ventricle in eppendorf tubes. The serum was separated by centrifugation and stored at -20ºC. Serum testosterone levels were measured using a commercially available radioimmunoassay kit (Testosterone Maia Kit/Biochem Immunosystems Italia SPA) according to the manufacturer's protocol. The minimum sensitivity of this kit is 0.064 ng/L.
Quantification of EGF-R -
The glands were dissected free from connective tissue, minced with razor blades into small fragments and homogenized in a 5% (w/v) suspension in a Potter glass (Thomas, Philadelphia, PA, B38263) with a fitted Teflon pestle turning at 1,500 rpm using a stirring apparatus (Mod. 4201, Dormeyer Corp Chicago, IL) for three strokes with intervals of 1 min in the ice bath. The homogenizing medium consisted of 340 mM sucrose and 0.5 mM ethylenediaminetetraacetic acid in 10 mM HEPES buffer, pH 7.4. The homogenate was filtered to remove fibrous connective tissue and insoluble particles. Total protein concentration of each sample was measured according to the Bradford method (Bradford 1976) . The samples (100 µg total protein/20 µL) were boiled for 5 min at 100ºC and loaded onto an 8% SDS-PAGE gel for electrophoresis. After electrophoresis, gels were stained with Coomassie Blue. Proteins were transferred to a nitrocellulose membrane, blocked with TBST buffer (10 mM Tris base, 150 mM NaCl, 0.05% Tween 20, pH 7.4) containing 1.6% casein at 4°C and under agitation. Blots were then incubated overnight with a polyclonal sheep anti-rat EGF-R antibody (1:2,000; Sigma-Aldrich) at 4ºC. Membranes were washed three times in TBST buffer and exposed to the secondary antibody (donkey anti-sheep IgG conjugated with alkaline phosphatase at 1:10,000 dilution) for 1 h at RT under agitation. Finally, blots were revealed by chemiluminescence with an ECL kit (Western Blot Chemiluminescence Reagent Plus -NEN Life Science Products), scanned and quantified by densitometry.
Statistical analysis -The difference between evaluated parameters in the groups was tested by using the ANOVA test followed by Tukey's test. The data distribution of all groups passed the Kolmogorov-Smirnov test of normality. All analyses were carried out in triplicate and significance was accepted when p < 0.05.
RESULTS
In accordance with previous studies, parotid glands from infected rats with T. cruzi (acute phase) showed a reduced density and volume of acini, as well as an increase in connective tissue (Fig. 1A, B) . However, after 50 days of infection no histological differences were observed between infected and control groups (Fig.  1C, D) . In addition, at 18 days of infection, infected rats showed a significant decrease in both body weight (150.1 ± 2.97 v.s. 68.5 ± 5.12 g in infected rats, p < 0.05) ( Fig. 2A) and relative parotid gland weight (408.3 ± 26.5 v.s. 265.0 ± 36.7 mg of gland/g of body in infected rats, p < 0.05) (Fig. 2B ) compared with non-infected rats. No significant changes in these parameters were observed at 50 days of infection (287.0 ± 3.41 v.s. 275.6 ± 5.52 g of body weight in infected rats and 655.0 ± 113.2 v.s. 566.7 ± 113.9 mg of gland/g of body) of glandular weight in infected rats).
To investigate the relationship between histological alterations in parotid glands and testosterone and EGF-R levels in rats with experimental Chagas disease, we measured circulating testosterone concentration and EGF-R expression in the glands. Serum testosterone levels in animals at 18 days of infection were significantly lower than in the control group (0.532 ± 0.152 v.s. 0.030 ± 0.008 ng/mL in infected rats, p < 0.05) (Table) . After 50 days of infection, no significant difference in testosterone levels was observed between control (4.740 ± 0.607 ng/mL) and infected groups (3.800 ± 0.491 ng/ mL). Furthermore, western blotting analysis revealed that EGF-R levels in infected rats at 18 days of infection were statistically different than observed in control rats. However, at 50 days of infection no significant changes were viewed between infected and control rats regarding EGF-R levels (Figs 3, 4) .
DISCUSSION
The most significant finding in the present study is that infection with T. cruzi is associated with a significant decrease in both plasma testosterone levels and EGF-R expression in parotid glands of rats during the acute phase (at 18 days of infection) of experimental Chagas disease. It has been previously demonstrated that parotid glands of rats at 18 days of infection show a significant reduction in the volume of acini with a concomitant increase in the volume of stroma and connective tissue (Silva et al. 2000) . Similar histological changes were observed in parotid glands of rats after orchiectomy (Jezek et al. 1996) , suggesting that testosterone is involved in the development and maintenance of parotid gland structure in rats.
Body weight plays an important role in sexual maturity (Courout et al. 1970) . A delay in developing testis is reflected in circulating testosterone levels. Accordingly, our results show a significant decrease in body weight of rats after 18 days of infection with concomitant reduction in plasma testosterone levels. These findings are in accordance with those of Tavares et al. (1994) and Moreira et al. (2008) .
According to some investigations, more testosterone is bound in the parotid gland than in the prostate or seminal vesicles, which largely depend on this hor- mone (Di Mangoni & Stefano 1976) . Importantly, testosterone stimulates the acini and salivary gland ducts to secrete growth factors such as EGF (Xu 2003) and neural growth factor (NGF) (Schneyer & HumphreysBeher 1990) . EGF binds to its receptor and activates an intrinsic tyrosine phosphorylation cascade leading to increased activity of phospholipase Cγ and augmentation of intracellular Ca 2+ levels due to the action of IP3 and PKC (Carpenter & Cohen 1990) . Furthermore, salivary gland cells are influenced by both EGF and TGF-α binding to a shared EGF-R. This shared EGF-R is a transmembrane protein with tyrosine kinase activity and it exerts trophic effects on salivary acinar, ductal and mucosal epithelial cells (Koski et al. 1997) .
EGF influences the renewal and the growth of the acinar and ducts cells (Barthe et al. 1974 , Walker et al. 1981 . According to Barka et al. (2005) , the gland cells express EGF and its receptors and EGF acts as an autocrine regulator in promoting growth and branching morphogenesis. Diminished expression of EGF and TGF-α in Sjogren's syndrome indicates a failure of this trophic system, which may contribute to the acinar atrophy and secondary changes, including atrophy of the oral mucosa (Koski et al. 1997 ).
Castration appears to influence the synthesis and distribution of androgen receptors in salivary glands that could further affect the function of the gland, diminishing secreted EGF levels (Li et al. 2005 ). There has been demonstration of this relationship working in the opposite direction. EGF also plays a physiological role in reproduction. Removal of the salivary gland in rodents reduces circulating EGF and the spermatogenesis process, which can be restored by EGF replacement (Wong et al. 2000) .
In the present study we observed a significant reduction in EGF-R levels in the acute phase of Chagas disease as well as atrophy of acinar cells. Thus, it is possible that a decrease in EGF-R levels may be sufficient to induce histological and biochemical changes in the parotid gland during the acute phase of experimental Chagas disease. Interestingly, at 50 days of infection (chronic phase) body weight, testosterone levels and EGF-R expression returned to normal levels. In addition, no significant changes were observed in the histological aspect of parotid glands of infected rats. These results further suggest that morphological alterations in parotid glands are dependent on the testosterone-EGF-R axis. Future experiments using EGF-R antagonists are necessary to address this issue. Of note, normal rats treated with an EGF-R antibody presented a dose-dependent retardation of parotid gland proliferation (Purushotham et al. 1992) .
In summary, these findings suggest that the testosterone-EGF-R axis is involved in morphological changes observed in parotid glands of rats with acute experimental Chagas disease. In addition, parotid glands show a normal histological aspect in the chronic phase, probably due to normalization of plasma testosterone levels, as this hormone is directly influenced by body weight.
